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• * •’■•• • • 
V.‘. ‘tX, -; >c-..\ 


OBJECTIVES 




''**ri?n*sw+t<** * , 


fr'-'y The ultimate objective would be to have a small mammal with 
a genetic susceptibility to the dilation of air spaces distal to 
the bronchiole, clinically defined as emphysema. Such a model 

J . . 9 ' 

system is needed to define the effects of an overlay of air •'. 
pollutants, dusts and smoking. These effects can be used to show 


■ vf x v; 

\ * V} » N -r> • 1 ? i -V,* 


■ localize d form of emphysema commonly occurring in man. •• •- • 

:: ; •• •.-< - r- ' •• • - 

'‘This proposed contract would initiate a breeding colony \ • 

• r r.r‘x . '■ ' • • •— S./-7 *'•>“:»•;••• 

* : *»% jS■ . t ** - . ' " t , *■/- * 

.* • ‘ " composed of subfamilies of BALB/c mice. Inbreeding of selected v * * 4 

“ parents would be directed toward high or low incidence of emphysema. . _ 

' . Further, a holding colony would be maintained and research directed 

*•' ; toward defining the parameters of lung anatomical and physiological ../*t .. 


changes with age, tryptic enzyme inhibition serum levels and 


specific serum lung anti-collagen, and anti-elastin directed 

antibody responses. ' ■ t * -•> ? / ; \ \ v * J v" T . * fc '* - 

* • . -* v... • . / '.i> ; V - /--V,r. :V 

‘/’v ' » > ' • * - ' t » . > * *t r * ' - i 1 • 


^ 




‘ *•: - > '* ' - ' . . *i‘. r ; >\ '* .o ' 

> 7 " 1 ' v . . * * */. ^ .* ■, \>v^. 

^- - * m 7~' s -* -v r . • ^ . ./>. ’ 7*"*. . C ' +• l'*> 

1 V ' " : ■Vi,' u:^r r .' • 1 • • ; - - . . ' .'* x; - - ^ T * Vu:W. - • f-.'V* 

: * “i. -* ■rlx.'A: , • k ' . -»*-*«-/<. * tv 

’ ■r*‘» k ? s ' .*■* . . a . . 4.^' * . . _ j . ..... ... _: 


. :■••? •- •• ••;••>• vxv.^«^s39S'^3S»5 

. 'ii'i';SS^*r- ' • ' •' ■ :•».rv '%:*•?■> -’C 
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introduction "\Y- £ •■:?" . 

t 'nr 'i&ki...' 'Y' v ~. j, •\ j-. . 

h-Y>^ -‘‘pY t ThurlbeckA x / in a revi 

k ' *- y J ?.. ^ . • ' 


1 'C \ 

2 . 


review Paper,analyzes the difficulties 
~ the differential diagnosis of chronic obstructive lung *' 

disease. Approximately 20^ of adult human males have 




U.1 . . \ - . . ‘ 

& ^<:^ Chr ° niC bronchitis j apparently two-thirds of this group ' 


tv ;.?r 'T‘ fr also have emphysema. It is uncommon to find adult lungs ' v.' U?M% i 
1 ; ***•'*'""' entirely free of emphysema at necropsy and approximately 



distant to the terminal bronchiole, has been limited by 
!ack of a suitable natural small mammal model of the disease. 

- -,■(•'}\ num ' ber °I artificially induced models of emphysema 
'u^t^ a T^ v b „® e ^ Reported. *’Recently Snider et al< 2 ) reported a” ’‘'' ’l 

' * I ‘ ♦, V*'-#-. */* I 1 . / *"/- *1. ’ , r - ; , , .. * x* „ v _ V; . ■*, t » 

„ •'■^■&v^-^ 1 ° bUlar era P h y sema in rat lungs, associated with" • >'w £ »r & 
•; • _ . s __ _ 

•..■^Sflhrn.^s mentally induced by cadmium chloride Y ,'i r'YYY 

* ^ vs ^ *T_“1 _ _ « . . . ! * . 


* 4 fc }? 
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r • <•....■-•> ;r. ".v$*V'V'•*¥3,* 

• ‘ /' • •/;•; ' ' ^ 3* ,•' ” AAAV* ~r> 

/ - ■ ■• " ?>;V- "Q ». v ' 

.. . • •■-•«■* ?• • -6-i;, j* 



„Av-.A . with some human panlobular emphysema has been shown^ ‘ k 

:•*/ although Chan' 1 ' has defined alpha-^ antitrypsin inhibitors '-\- 

in different strains of mice. • : 


*, > ‘ .< 


Dr. Louise Rabstein, a veterinary pathologist at 


't?* * m , * .p. 




Microbiological Associates, undertook a review of slides ‘"'-Vr-A* *• • * vi*‘ 

. •* V y Or'v-'-'VA'? . **' ** w ' v * *i >* : / ‘ 

u/i*Vivi*'#''; f*rnm ^vpt* QDO mi r»P> nf m' np ri i f'f'or*pnf o-4- y*q inc V>q 4-nra^o » l 
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# '-rji: V: ‘ 

' *7 -^VV^" ' n ~ - \ - ' f * * : ,* * " *» A / »* * 5“ 

.: p: -- - ';• ”'*•. •• /*-' • ••• •• ' ■•'■ '• - f '- Vu^-c-r-.:.^ 

%>“'&'• *•' • • •/•'V;- 4. 

r tvf-r‘- '•' . Mice in the Pedigreed BALB/c colony are allowed to ' •• • 

:,3ty * - * *• * ‘ 

live their maximum life span. They are examined weekly ‘ ; 

* ' \ - V; 

’/-/.TV",/f : ;hr. f or evidence of palpable enlargements. All moribund 
' *■•.?•; animals are sacrificed and a complete necropsy performed. 

'OtiV; Deaci animals, if not decomposed, are also necropsied. V, . 


*■» . it v 

hi, xx nuu uecumposea, are ajjso necropsied.. : ■, . 'V.j 

-JV 1 ’ ,<-••' - • - 

/ U-i-V l?;.- Following processing of tissues by the histology laboratory,-'-vV:. 

*<x** f* ^ Ic. * ' » . ** .» ^\ * /( • »' . ‘ . . ( ^ " £ r 7~ >^“* ’(.%~x ' 

'r;'? -/ the slides are microscopically reviewed and a diagnosis ' r ’',% *?:*'!?&**■ 


, rendered blindly (without knowledge of family). 

-a- fvi; 

v; < rT^'y\-,----A>v >r i • * \ The data presented are based upon the microscopic * 

Cv?i. ,;S»v ' ;v - • . •.• . v. -: 

r a view of pulmonary tissue from mice of the 7 sub -families 1 -v L 

vr ^ 1'.’ t. - , . . 1 a . a - ,♦ . , • . .. . »,. 

'.j • • • •• #'?}<•< 

’■ comprising this pedigreed BALB/c colony. Animals with ■ 


lesions of pulmonary emphysema were classified, using a : -'v 
scale of severity of lesions, from negative to 4+, based 
on a subjective rating system devised by Dr. Rabstein. 

Her criteria for classification were: •' 'l; v. 


* - f.S *i ». •* *■* ■ ’ ' -• -. , . • . - - • , V, - •*,?»■ 

•, v, , . f '/v f 'i .< . . V-> A * * * ’ . y * •.*1*1*' y}^v 

- -• :' 1 i'’v\', Negative - no perceptible overdistention ' 

. -.v.-f.-f-'i-vs « * . • •-••/.-a: -v ,:*'?»*&■:.}■ 

• V“-?sv«l plus, - minimal overdistention in minimal number of. ".'.'f-.&xQA 


• -- - ' ' , . ij 

* * ' J , * ' * . . . I l it r< * ■* v to V (.'wIji’SI'# t ^V£4,V*. 

**) .. * " \ **’*.’ > ^ 

overdistention in more than 1 lobe, 

" ‘ • ■’ ■ ' c - •> ; -> 1* 

moderate overdistention in lor 


■: ■ - 


overdistention and/or buliae 



lobes 


ana/or ouixae 

/ - >? -.KV ’ 
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•t.. - 
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' ’-'^:vf‘'y ’A’ ‘ ,: ■' •• ‘ " ’*' 

* s\ * i * t « 

\» * \ . * ~r* * , 


* • £ \y ' 


■: 5 . 


y*} -J'/xX ^\‘V - In 1 973 Dr. Rabstein reported familial variance of • -;• 

.^V-C r *. * ‘‘ '* ’ , ■ ' - % . . 0 

•' spontaneously occurring generalized emphysema in the ' ! ’• 

, “ ’ " . ’ 1 ~ w» . jT f .. ” ' 

• - BALB/c mice (greater than 18 months). Dr. Robert ? " 

V; t- • Kovatch a nd other consultant pathologists reviewed and 

concurred in these findings. The histomorphology of * 

■■■fX'XXw XX- the em P h y sema in mice fits most nearly into the panacinar_ 

(diffuse vesicular) or alveolar category. The more ~ \X 



Large numbers of mice have been studied since that 

time by Dr. Bernard Sass, and the differing familial •. _L_ ... 

incidences have been re confirmed, lending credence to the . V’ •. 

, possibility of developing a congenital emphysema model '. V £X- -: : 

'/'• for experimental research purposes. . .. - : :’? * YV 1 ’’* vV XX' ■' 

: k 'vn..; . ••• v. YV-.V''* ’V 

• ;; : v- • .-v-";- '--x-y 
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r *♦-; v* ^ * 


METHODS 

Gross and Microscopic Examinations 




r fV * 

o/l 

.v ».. ‘IT *. 

.**>“■ * J , 

*'S *"-&**- <. 

i V * h *i •> 5 » 


Mice are sacrificed by placing them in a chamber 
containing dry ice. When anaesthetized, they are killed ^ 
by exsanguination from the brachial artery. The heart *. r '~ 

and lungs are removed from the thoracic cavity in toto.,,, >t 

A complete gross examination is also performed. Animals V. ,\].t 

• t • -■ :X. j/pviy.z 

whose lungs are to be inflated are handled as above, but ‘"'^4'^*^ 

, , ;> v • - •*. V-v 

in addition,'approximately 1.5 cc of 10% neutral buffered 

, : -r- .- • • ■- •* •. 

formalin is instilled intratracheally at a pressure of J'jy^ 




■ approximately io cm water prior to removal from the .• •’, 
thoracic cavity.. ■ A 100 ml burette is used as a reservoir . 
and plastic tubing with an attached blunt 18 ga needle 
• •' serves as a canula. The trachea is clamped off and tied 

, 1 # P * * * A 

\ , <► ^ ' 

•iff following perfusion. The heart and lungs are then immersed 

C'*- " f ' ** - ' * 

in 10% neutral formalin overnight. The entire heart and 

, > > •* * i , - i* » .. ♦ r*‘« : , * ; , * ; i * * A _ 

yj lungs are processed, embedded in paraffin and 6 micron ‘ 

- - it * . * ^'** * ** #4 ‘ * • . . . . . , & ' 


^ - 

. sections are cut and stained with Hematoxylin and Eosin. 

\; r “V * « . - , . t V*i 

. • • . • • .-• *•" ..Cc,... 

rltVi . Alpha, Antitrypsin - >• . • ... . • ,.;.v 

j * **4 \ ^ ^ " + — » ^ ^ | 

"• Blood samples are collected by the orbital bleeding 

‘ |«'»»;:■ . . •• . r 

technique using .280 ml capillary tubes. When the blood : ^V’i‘ 

■' is = clotted,' the tubes are centrifuged at 3000 rpm for 15 

- vSfV,&.VJ - -• ; .. vr • \ 

- ” •-(?v?;\\minutes in a refrigerated centrifuge. The resultant serum 

• ’■ . '••• .S.’vTy*'., .. . •• 1 ."A - Jr*.' 


The resultant serum 
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- 

^ 3 ', 


v*, -'. v - v: 

J T' ' "<r>v 

- _ '***„ / *A \ 


^|" ^ Physiology * ^ ’ 

ttx >'.. n * . . • * ■ t -' *** * 

* •'•.«•:■'! • -''v'-V; Functional residual capacity will be measured in the 

• - ^ ■ . • 

.'I;.. ''-' • 7 \ anaesthetized mouse by the method of Watanabe and Aviado 

‘ (in press). Tidal volume, pulmonary resistance and 


7 . 


. ■> * * s r 4 ’. 

♦ .* »* •*-»■ >> r,4 . 


pulmonary compliance measurements will be obtained ’■„• 


using methods outlined 

’yV- ’ . Aviado (L 968 ) . 

:&>*!&:V -' • •. • • - . ' 

^ 

J,”* ■ ‘ ’ . J ‘ 

i •**. ,5. . • - • 

V,: •••■., 

' :> * T.*; 


by Policek et al (l967)and Ito and ' 

, * .' ' <* * '< *\ . ‘ * I,\\!r 

' * *r t f * ' ' " . * V ,* ' , < >'f > J 





■ '•*r* -m 


* >• \ . ‘V* ' * • ‘ ' ;/ .r Jv -i * 


V, 1-^ 



Source: https://www.industrydocuments.ucsf.edu/docs/llylOOOO 




“ ' ■ 


‘ * ’"-1 *} 
\ 


results to date * 8. 

^ ; ~. "— • - . 

'*;; Incidence and Severity 

f r*' • ■ '' 

>' Table A-i is a tabulation of the incidence and severity 

• ,J_ of emphysema in 567 individual mice from the 7 sub - families. ' 

- The percentage of individuals with 3+ or 44- emphysema * - 

Our’ V \ f-'l ' • * • ■ 

ranged from a low of 38 ^ for Family 1 to a high of Sl% for " : 

Y'vYt Famil y G. The average of all families was 5296. Table A-2 • ; 


W*Y 


0n the basis of these findings. Families S, X and Y_ 

were excluded from further analysis of results, leaving" 3''V’’ ’•’{.S?'? 1 

- - families (G, L and 2) with a higher than average incidence ■ * 

of severe (3+ or 4+) emphysema and one (Family 1) with a 

■ lower than average incidence. Family 1 was retained as a 
, ♦ ^ r ’ ’ ' * * * ■* ♦ * • 

' ,-"‘V, low incidence control sub-strain. The comparative difference • 

^ incidence’ and severity of emphysema between the high and ' ’* *’ 

low ^incidence families is shown in Fig. 2. There is more of ' •/. 

v '\ v ♦* * • ' * „ ‘ *,,*,*''»/ Y- /,,v . 

'?: the severe (3+ and 4n+) emphysema in the high incidence r-. ; v - 

families. In Family 1 (low incidence), the trend is toward the 

• j-Y*. v W . -- • • " s&tfk. 

• J-'i . milder forms of emphysema. * . ; " -..Jr.-. 

--- . • •'••••/'• • . . 

Age Relationships • • .j.j; .• 


’ \r*‘ 

.Figure 3 and Table A-2 shows that the severity of 


■m 


emphysema,in general,increases with advancing age. Further, 

» ; -» :< th6 mean a£G of OCCWrftnr.fi of ^rrm'hArc! ama la cron q y-ra 11 v o q -y^T 4 q v* *T y* 
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.* » <.• .t i’ * !■ *“ 

- - % v> v ^ * 


9 . 


'tfV; „• * 

* * 

•v w . ^ 


Sex Differences ' ' ' ’. .- '**’• 

□ ;i r '..• The incidence and severity of emphysema by sex was' 

| " # v 

determined and is shown in Table B and Fig. 4. This'was 
done because more female mice were kept to old age. • 

Emphysema of all levels of severity was generally equal 
in distribution between the two sexes. > 

m; , ><. 

Effect of Method of Fixation ' . . ■ *»; 

..... . . _ “ ■—~— ^"csv* 

Early in this study, the degree of emphysema was • , - -f. 
established based on 'uninflated, formalin-fixed ‘lung’ 








* i ( 


v* 


V i'v- *i 

’-IX': u* 

. /•>* : ry*J. , » 




sections. Later, ilf was suggested 
diagnosis would be improved if 



... an inflated state. After that time, most of the lungs - '\"i' *.•'_'*** 

• were inflated. Table C is a tabulation of the’incidence'' ’ * • ! 

•• > • - - - •- . . • !• _ ; . ■ 

and severity of emphysema in inflated and uninflated -* • / 

■ ; lungs. The comparison is summarized in Fig. 5. The " ' 

• incidence of all degrees of severity of emphysema in ’ V'*’; 

J r V*V *•* ’** *• l. - ’ t - . , „;C • * 1 \ * 

uninflated lungs is comparable with that of inflated lungs;"*'- 



.4'iT■'/V4-;t 

•• -WH'iif:- lungs is acceptable for computations of incidence.' 

. - - - ...... •• 

•.* Age Association * ’ ;v '* iV**; ' •>' -v* 

' i The frequency of emphysema in mice of various' ages 


>' ' 'Z.? iY. r i .— -**''* \ + * ’ *'***- ' ~ \ f * f y+ \ " ’ ^r A *’ !/. ‘~7?' l\' 

\ ’»■;’*’\ incidence f*or the negative^ 1+ and. 2-t gi*oup was , V 

■■ f * '* 4 . v • * - 7'.^ 4 . •* • , *• 

; from 16 throu gh 24 months of age (>9# of individuals j . 

a * - ■- v. • *. i- \ 
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The 3+ and 4+ group was 19 through 27 months of age (84# 

- v rr; ; .;: . • • . .. 


■ 10. 




.V, f 


i >-. > -•_*; 

♦ f »»»■ * . „ ' * • 

1 ». » t ** * » * * 

„ - , . s. A . 

« • * " ^ ‘ 'r T . - 

\ / ' 

, s * % * *»* * > v * 

-• J ;-s'?: 

* ^C.: 

• \KtK- • .- 

*V-••• •' 


of individuals). In both groups, over 60 # were in the 

* ; 

19 through 24 month age group. This indicates that 3 + ' 

or 4+ emphysema is infrequently found in this strain of . . , r • 

mice prior to 18 months of age. 

. «r , ‘ ’r’ ^ 

The incidence of severe (3+ or 4*+) emphysema in the' '■ '"/■ 
high (Families G, L and 2) and low (Family 1 ) incidence r **<4 
families, at various age groups, is compared in Table E . ?.p-'.. 
and Fig. 6 . Except for the young and the very 



> T : 


groups, where numbers of observations are too small to » 
be valid, the frequency of occurrence of severe emphysema •• 
is markedly greater in the high incidence families,' ! " • - 

involving over 50 ^> of the mice examined at ages above 19 • - 

months. ' . . ' ’ . 

Associated Lung Disease Incidence . " . „ * . ■/ 

Table F, which lists the frequency of observance of * • 

lesions other than emphysema, indicates that the age at ' *;' 


f\ which emphysema is most often seen coincides with the age 

v’r^r- ■■■■■■ . i-.vV. .£*•. • ' 

of greatest frequency of other findings. The frequency ■ 




v a'-* * *''** w ? 

• ‘ *’. of findings of the various categories of pulmonary and ' ; ; 

■ ’ \:~r.-V non pulmonary lesions is shown in Table G. . , ■. \ ' - 

■ * * - * ' J * * * *» ^ ,, ’ . . 

■ • • The data in Tables F and G for the high incidence ' .!."•* : 

. • • wX-i ”, ■< • • • •. . -.V.Vv'4^1 

,n T J ^' were combined and compared to the 1 l 

• . - ' - ' vr - •• • •- • ;i4>tw- 

the numbers of mice with lesions” * 
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For pulmonary lesions (Fig. 7) the high incidence 
families had greater frequency at all age groups except 
the 19-21 month group, where the frequency is equal. 

The frequency of non-pulmonary lesions (Fig. 8) was more 
nearly equal in the two groups for those ages (16-24 
months) in which there were significant numbers of mice 
to compare. ,• '• 
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The comparative frequency of the various types of y ^ ^v**;-*; 

. , I t ’ 1 . - , k * « ,V ’ . v -., w T] f c ’ 

lung lesions in the 4 families (Fig. 9) indicates that ^ 

'. ■ ■ ' • • - •• ••••-*; ry 

Family 1 had a small but consistently lower frequency - -• 

• ~ * ’ ~ • * _ * * » * - * ' .. •' -* v - »'v -c*'■*« f ,> v . *r, * 

of lesions of all types except reticuloendothelial • . V' 

neoplasms. Here, the incidence was essentially the . ’ 

' ‘ '* * * ' f * *- . r * - ♦ • ..r-,s ,.M UV |- , 4 - 

same for all families. Family E, a high incidence family, 
had frequencies for all lesions similar to low incidence 
family 1. This interesting observation will be closely •• •' 
followed in continuing genetic studies. • •. . 

• Table I demonstrates the general comparability of the : t • v 

four families when the 3+ and 4+ emphysema is matched by ^... 

“ v : • ' - 

age with other pulmonary and non pulmonary lesions. This .^v.- 

emphasizes that, in general, all families had the same ' v .. •/'V 

. . >r ' ■ • .... . . , • 

experience; that of having emphysema at approximately the . ’ • . ..j;;:' 
.. . . 

't \ »•. t - '** t > J * * - * 

: same age as other lesions. These data suggest that the .. 


"A t \ '. 

»:** f :,.v 1 1 > 


f - y>. 

IVI? % 


1 


• emphysema may well 


be related to the 


\ ‘.t’ 

u ^ ‘lezSfip, 


• *r 

e occurrence of other ‘ 

.- ••••<■ ■ 


* v* ' * V * . o' k r m * * m 9 \ r v § 

Iv4 r 'pulmonary lesions as well as space-taking lesions of ’S' 

, ■■ ’ . .U • ..... •- 

; . ■ other organ systems. The fact that, in spite of this, ■ ■ Vsi 

: ^ i .. 

• '.^.vVwc-n'• ' •* ..• • - .. r .. 

i’ ■' ’• - -’ytU.*'‘ • :* • , . r • ... *• 1. ?•' 
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' ' ’" 12. 

there are families characterized by low and high emphysema 
incidence, argues for factors other than concurrent lesions 
having a part in the frequency of occurrence of emphysema. • 
Table J is a compilation, by family, of those mice 
with various pulmonary lesions and associated mild (negative 
to 2+) or severe (3+ and 4+) emphysema. Based on a very small 
sample, the severe emphysema is,in general, more frequently ,/ 


* w- V** 1 * 

:.Ar% 




\ J y, 

l y 


. t 

’1 * f </> 


seen in animals with other pulmonary lesions than is the ... 

- ' . . ! -tir yv* 

* ’ ’ - L V O 


mild emphysema. Family 1 is the exception; lung tumors and 


. - I , 


* 

j 

. V' • 


other lung lesions were approximately the same in the neg 

\ . * 

•• * to 2+ and the 3+ and 4+ groups. Family 2 had the highest ' 

incidence of concurrent lung lesions with 3+ and 4+ ■ • . 

• - emphysema as compared with the neg to 2+ incidence. (Family 

- G,2:lj Family L, 2:1; Family 2, 9:lj Family 1, 1:1.) •’ ' ' • 

. '-’j > t , , ' “ *'*■* r • 0 v 

• ’ The comparative frequency of severe emphysema with 

• * 1 ’’J ' - '. .. • * ' ’ * '' r > v m • '■ * 1 •*"•*, . 

*\ \ • 4'“ concurrent lung lesions in the high and low incidence ’■ ■ 

• "■ ‘ . - - 

families is seen in Fig. 10. Although based on small ■ •< ■ v>*xjL- 




y t - * ‘',1 -4 "\ 

'numbers of animals for each age group in Family 1, there , 

•• ’’ • • •’ i : .V' . . • ,7 I 

• - • ’J r'^j is a consistent pattern of greater frequency in the high . 

: -; 1* “'*• s* " ” A f» ' 5 — * i • i .o r* hq r. a 


•_* - 
• u- : .k- 


..... • incidence families. As with the other tabulations, the 

*.-•>* • • • •• • 

.. • . increase in occurrence with increasing age is obvious for 
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Alphai Trypsin Inhibition Assay ’ •- '' 

»■■■■ — — . ■ ■ ' ' ■ ,i. ... -.... - - ! / j, v i 

In collaboration with Dr. Dov Michaeli, of the University • 
of California at San Francisco* preliminary studies of v’’ 

•, *• * V 

alpha^^ antitrypsin levels have been carried out on young \ : r 
mice being held for future disease studies. Individual • 
and sex associated differences were observed in the various *.»•' 

* *»» * *** -*• / - * -'X* » * ' .. , » U. - ,‘ k .,, j" * ' ? . f *>+£ -V •. 

families. Males had significantly higher alpha 1 trypsin '‘VV*V- 

*Y\ ' ' *» «■* «> l ' .*»• * ‘ * . .• - ! 

* _ — J- _ _ __ J_ 1—1 ♦ _ -i -» — > ... . __ _ ' --» r * _ 


. . X 


inhibitor as is shown in Fig. II. In initial studies of - '■P-'iX 

' <*?*,'* • • _ ’ - ’ . - -s-v'-. 

a limited number of emphysematous mice significant blood 
. hemolysis occurred, but no correlation was evident between" ^ 




:u-t u ■ 




percentage of inhibition and emphysema expression. This ' 

• • **W 

alphap trypsin inhibitor series is being repeated in a 

larger number of animals. ' 
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Pedigree Definition ' • ’ . • ' 

f * ‘ 

When individual mice with 3+ or 4+ emphysema are '• 
identified on the pedigree chart of a family, it becomes 
possible to separate, within the family, those breeding 
lines which have the greatest or least numbers of 
individuals with emphysema (Pig. 12). 

•. Mice from this pedigreed BALB/c colony having 3+ and 
4+ emphysema, reflect an average incidence of 52$ at 21 


>* 


‘ / {jCw j!K' 


months of age, with highest incidence (6l$) in Family G. _ 

s. , ’.C'f * * * *• »-i '* >-v -v r- **v ; 

W5]:. : Family 1, at the other extreme, had an incidence of 38$ 

: m l -*! r » v , - v .. - . • '’*.*,* ‘ '/T- l " 

* ‘ *' * ’ (Table A). . This suggests there might be a genetic ' A, / \ • V'* 

' .* -• o" » * r ^ * 

determinant of predisposition for emphysema. The fact 
that the incidence of concurrent pulmonary and non- • 

pulmonary pathologic lesions displays less than the 
above variation between the high and low incidence ‘ r - 


Yr\ 

V‘:families (Table F) further suggests a genetic factor. 
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DISCUSSION OF RESULTS TO DATE 
v The mice from which these data were developed were 

kept for another purpose; the definition of the natural 
history of neoplasia throughout their life span. ' This 
precluded doing serial sacrifices and leaves unanswered 



'* ; * " 
*3V '* *,.* ‘ 

■'U 

•>:'V v "V i - \ 


the question of the rate at which emphysema develops, ' 

the progression of the lesion and the earliest age at :• ' 

*" - *• • * * * */, 
which a 50^ incidence of emphysema can be predicted. It r 

also precluded concurrent physiological and biochemical" V 

, _ . * ' v ' - k * * ’<— ->-> /.I 

studies such as are included in the following proposal. 
Studies of this nature would require establishment of a V' 
colony specifically for utilization by CTR, with the', 
concurrent investigation of specifically associated 
causative factors. ■> • • " 
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EXPERIMENTAL DESIGN AND PROCEDURES 


Breeding and Holding Colom 


Microbiological Associates proposes to initiate a two 
part program to define the genetics of emphysema in mice. 

' ; First a production (breeding) colony of pedigreed BALB/c 
’ - • mice will be maintained, utilizing breeders selected from . ' 
- - those parental lines in which the expression of emphysema „ 

- i- s high or low. Second a holding (research) colony for ^ 

y, studying age at incidence of emphysema onset and for , 

• ’’ physiology, biochemical and immunological testing in the •< 

‘ ■ three high incidence pulmonary emphysema families and the 
one low incidence family. 

The production will be based on the numbers of breeding 
and holding mice that can be maintained on 15 mouse cage 
• racks. It is estimated that this will,in time, provide , 

a constant yield of approximately 10G mice, 24 month old, "" 
per month. Actual numbers at each age increment will ‘ .v: 1 

-r • * * * V • * ' *. ' * 5 ' . - 

depend upon the number of mice sacrificed for experimental 
studies prior to 24 months of age. •• 


• « fvif* 


. . '-.v.•'. ' •' Four pedigree families; one low incidence line (Family l) 

./ and 3 high incidence lines (Families G, L and 2) will be • 

• . /maintained. Accurate pedigrees will be kept on each family, 

• ,; h'i'.><to include positive identification of all breeder mice by "* ' Li 

• . t • tjv i. : ■ .• 

v //’ear and/or toe marking. Holding colony mice will be ' -V© , 

v-‘ CJ 

; .■ : c/i 


!*-* SZi-f 
>1. ^>5, 

v v.n 
r '«■* *1 f *„♦ 

■’ /'.ii'' *>; 

r '7 S 
< 


separated by sex and each age will be identified by cage 

■■ ■ ''■‘■■CyX;-, y; ■ '■■•hV- /; ' , •'-/// 

N - 9 h’"'->' • r 'X'>: .> 
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cards. Each mouse will be identified by its sub-family 


Ani?***# . 


' and parents. At the end of their active breeding life, 
the production colony mice will be added to the holding 
colony population. This will provide an added number of 
. mice for experimental purposes. . . . 

* __ , , l * * j 

■ Once the holding colony is established, breeding 

schedules will be set to assure a steady number of ‘ " 

weanling age mice. Continued accumulation of data on . . * 

. * *.'.**. 
■£. *<r J * ' * " ‘ * * * * ' ' ' ** V'.t 1 ’ / % - 

which to base the breeding program' will be carried out 


' tA ;■*<.* .* ’ t: —is 




■ ' j'. 


during the transfer of effort from NCI contract #NCI CP- 
33248 to CTR. In the second year, mice 12 months of age . ; 
will become available for sampling to determine pulmonary 
physiological and biochemical parameters. 

Sampling for serologic determination of the murine 
virus profile of the colony will be scheduled at regular 
intervals, to assure that the disease status of the colony 
is always known. There will be a similar bacteriological 




monitoring of the mice. • ." • - • ... •••••; •' . 

*■» h j.•-#»■**,* * 

.. When a definitive baseline of physiological, ' \ 

}.** < *-«* . * ’ ' * • • * / * •• \ * - ' * * : 
biochemical and pathological parameters has been 

1 J V . ,>v f * . - , 

' < ~ - ' ■ 

established, it will become possible to conduct induction 


r- 

* 

< . * 

.: •••• tA 

; i ,Mvj 


. studies utilizing a variety of materials.* Such induction 

* 1 . \ *v \' s * - * . * *, . \ 

1 *, , v - 1 *- ' ' » . jfJt 1 **.* 

\ .•.>;> v studies might well lead to the changing of the panlobular ' 

. • . * - •. . ••‘ t 

. . mphysema to the centrilobular type most frequently seen in ‘ ..0’W*8& 

• ' ; ‘ ; . u humans. ' .. . • :• . . • • '• \T • gJ : ;pjp r . 

' -J V.Ah'Aii'kk.i • - i.. *r-L< .. l r • k.’.,--r.'iit?.A.. s:-. 
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As it becomes possible to predict which' individual 
mice will develop severe emphysema, more definitive 
genetic studies can be planned, utilizing f-j_ hybrids 
and back crosses to identify gene loci of the 
hereditary factors contributory to the development of 
severe emphysema. ' 
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• ' >'-,'vV LUNG PHYSIOLOGY . BIOCHEMISTY AND PATHOLOGY 


A collaborative study with consultant Dr. D. Aviado 
of the Dept, of Pharmocology, Univ. of Fenna. will be 
undertaken to define those physiological parameters 
which might be predictive of the disease status of living 

* ♦ , - * C # 

mice. Groups of animals will be withdrawn from the -< 
holding colony at different ages for study. Male and 'V. . f.‘. 

female mice from each family will be killed at 3 month ’.’//!/. : 
intervals to establish a histologic diagnosis of emphysema. ‘ 

The parameters of antitrypsin inhibitor level, specific *"■ 
serum lung collogen antibodies, functional residual capacity,' '"'V. 
pulmonary resistance and compliance, ventilatory response 
and blood gas analyses will be determined at regular 3 mo. 
intervals prior to sacrifice. . 

All animals on this Project that are sacrificed or die ; ' 


' will be subjected to a complete gross and microscopic t ;& 

.C: pathology examination. Results of this examination will be {Cl-, 

‘Vv y V •* , - , .» • . , , . _ 3'. _ ; t 

‘ * • * * » ’ • ' ‘ * *' . * , *>■> t * * , / * j't *',V J * 

'*'* /t recorded and entered into a computerized storage. This will 

* ’ * ,f * „ ‘ * ‘’ j * * ' * ' •* j * * ■' ' „*V *** 

‘.y.YY- permit correlation of data with experimental results, 

*. . m * l> *, . . ’ ( , , /' * v * * 

” j’l'!'- physiological and biochemical testing procedures, and other ■ 

v.'r' an °illary data. Programs will be formulated to pezmit rapid - 

* >■*.. .retrieval and analysis of data to provide those correlations 
;s ^ : ‘ ‘ . . • • • . 

V*,v s Y'h required to Interpret the results of experimental protocols/v^&fflB* 

•A,7 • > , • . '•••; 

L ,^h e hata input will include pedigree records to assist in - 


..._ _ . ( .. 

■ V-'^r^tablishing the'genetic history of individual mice.' - - -Y 
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FACILITIES 

The room to be set aside for this project is located 
in Bldg. #3, Ballenger Creek. It will provide a separate 
room within a disease barrier sustained colony building. - 
This room meets or exceeds the requirements of the Guide 
for the Care and Use of laboratory Animals, DHEW Publica¬ 
tion No. (NIH) 73-23, revised 1972. The space is also 

accredited by the American Association for the Accreditation 
* * <■ ' * ’ 

of Laboratory Animal Care. This gives maximum assurance - 

against the inadvertent introduction of disease into the 

colony. ’ 

A temperature of 7^° + 4°P will be maintained in the 
animal room. There will be 8-10 changes of air per hour 
with 100$ air exchange (no recirculation). 

Drinking water will be chlorinated to 10-12 PPMi as an 
adjunct to control of Salmonella. All feed entering the 



building will be pasteurized and all bedding sterilized by 


isteam autoclave. ' ' ' , • 

‘ • ’ ' <* • 

Cage units (cage, lid and watering device) will be . 

\ . '. ...• -• • vit’/U- 

changed weekly. Before re-use they will be sanitized'by ‘ 

passage through a 3 cycle cage wash machine. Cage wastes ' 

- . ' i - - f V • ■ . . f ?•*. (j*' 

.’..'.will be sealed in plastic bags for removal from the animal 

► - ^ . ‘ *• . * * ’ , , ’ *4 *4 J * ‘**** 

'-v 

.Personnel assigned as animal caretakers will be 

'■ - ' * • vrj 

utilized exclusively for this project. They wilt pass • 

'• \ l *4 \~i' * - i. ’ {1 ' * > '* ’ -**’•*** ,* 

th-rnvtcrh n nersnnnel Rntrv 1 nek ea.nh time thev enter the ' ^ ‘ 
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_ •.■[ s bUilding ‘ Here * they will remove their street clothes, 

• £/'•.. shower,then change into a clean working uniform. This ’ 

*} ' • • Wil1 include shoes to be worn only in the animal room,' 

a dls P°sable face mask and a disposable head cover. 
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■ ’ ' • • BUDGET - FIRST YEAR 

. 

Direct Labor (Schedule A) 

Overhead (115$ of A) 

Other Direct Costs (Schedule B) 
Travel ' ■ , ‘ 

i * ' t *' 

Total Before G & A 

General and Administrative (16$ of E) 
Overt ime Premium ' \ f : *. : t : . - 


Total Cost 
Fixed Fee 




Total Before Equipment & Facilities 
Rearrangement 

Facilities Rearrangements 

Equipment (Schedule C) 

, **,*’;" • > ‘ . , * f , 

Total Price -v - : . *- 


$22,770 


26,186 


21,500 . 

% • 

• 1,500 

\ * 4 v 

71,956 

v C t ' , 

‘ ' * ( , 

V ‘ * *“ , i> ». 

1 

... 11,513 .. 


► r ■ " '* * * , ” • * 


• ' '48 

f'j 


* , - ^ f , J 

; 83,517'v 

, . -, * 

V 

• ' 

9,283 . \ • 

• 1 

92,800 

* 

5,000 


20,000 


$117,800 

\ " 
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SCHEDULE 

A " ' 

* * * % * * i 

^ * * 5 . * I* 

' 'j'” 25. 

DIRECT LABOR: 



. / • 

• • t 

v - ^ 
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TABLE A. ^ 

1. Incidence and Severity of Pulmonary Emphysema, by Family 







Severity of 

Emphysema 




Family 

Neg. 

1-h 

2+ 

3+ 

4+ 

Total 

Combined 
3 & 4+ 


No* 


No. 

% 

No. 

% 

No. 

% 

,No. 

% 

No. 
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G ' 

2 

1 

8 

8 

28 

29 

42 

44 

17 

18 

97 

59 

61 

L 

2 

2 

7 

9- 

26 

32 

36 

44 

10 

12 

* '8l 

46 

57 

S • 

3 

2 

15 

12 

36 

29 

49 

4o 

20 

16 

123 

69 

56 

X 

2 
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0 

- 

21 

51 

12 

29 

6 

15 

' 41 

18 

44 

y 

1 2 

3 

11 

18 

24 

39 

22 

06 

2 

3 

6l 

24 

39 

i 

10 

8 

16 

19 

26 

31 

26 

31 

6 

7 

84 

32 

38 

2 

2 

2 

12 

15 

19 

23 

31 

4o 

l6 

20 

8o 

47 

59 

TOTAL 

23 

4 

69 

12 

180 

32 

218 

00 

CO 

77 

14 

567 

295 

52 


a Number of mice in group. 

b - % of total mice observed in each family. 
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2. Mean Age of Occurrence of Pulmonary Emphysema, by Family 
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19 : 9 
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' Y ' 

18.5 

17.9' 

20.3 
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21.5 

20.7 

• 1 

18.4 

19.5 
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21.7 

20.0 

21.4 

2 

12.5 

17.2 

19.2 
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21.1 

21.2 

ALL 
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17.0 

19.8 

20.1 

21.2 

20.8 
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Comparative Incidence and Severity of Emphysema in 
Male and Female Mice 


MALES 


Family 

Not 

Rated 
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1+ 

2+ 

3+ 

4+ 

Total 


a 

No. 

£ 

No. 

* 

No. 


No. 

% 

No. 

% 

No. 

% 

Mice 

G 

0 

- 

0 

- 

2 

6 

8 

26 

15 

00 

-=t 

6 

19 

31 

L 

5 

13 

2 

5 

1 

3 

9 

24 

00 
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47 

3 

8 

38 

2 

l 

3 

0 

- 

8 

22 

. 12 

32 

11 

30 

5 

14 

37 

1 

4 

ll 

5 

14 

5 

14 

10 

: 28 

11 

31 

1 

3 

36 

TOTAL 

10 

7 

~T\ 

5 

16 

11 

39! 
_ 1 

27 

55 

39 

15 

11 

142 




FEMALES 
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3 

4 

2 

3 

6 

9 

19 

28 

27 
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11 

16 

68 

L 
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6 

12 

17 

35 

18 

37 

7 

14 

49 

2 

3 

6 

2 

4 

4 

8 

7 

15 

21 

44 

11 

23 

48 

1 

1 

2 

3 

6 

10 

20 

16 

32 

15 

30 

5 

10 

50 

TOTAL 

8 

4 

7 

3 

26 

12 

59 

27 

81 

38 

34 

16 

215 


a - Number of mice observed 


b - Percent of total mice observed in each family 
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TABLE C. 


VjV • * 

Comparative Incidence and Severity of Emphysema in 
Inflated and Uninflated Mouse Lung Specimens 


Not 

Family Status ,Rated , ] 

' aT 5 

fNo.|# No. 


TOTAL 


No.I £ NoJ £ No.I % No 



Inf. 


Uninf. 



Uninf. 2 32 


Uninf. 


3 13 6 25 10 42 4 
5 7 21 28'32 43 13 


6 6 33 10 56 

6 9 20 29 26 38 4 


7 25 3 ll 10 
5 9 16 28 22 


4 1 18 7 32 9 


Uninf. 5 79 13 12 18 19 28 17 


Total 

Mice 


Inf. 

Uninf. 



32 '2 15 16 22 

6 14 5 28 10 76 




42 11 12 92 
36 38 14 268 


- Number of mice observed * 

- ' Percent of total mice observed in each family 
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22- 

-24 
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Total 
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No. 
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Mice 
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1 

3 

0 

- 

6 

15 

15 

38 

11 

28 

5 

13 

0 

- 

46 

L 

5 

12 

1 

2 
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10 

19 
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Total 
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Mice with 3+ and 4+ Emphysema 
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39 

15 

, 33 

•5 

11 

1 

2 

46 

.- 7 2 

O 

- 

1 

2 

4 

9 

5 

11 

11 

23 

17 

36 
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Total 
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__ NON-PUIMONARY LESIONS 

Re Neo 
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footnote c, Table G - Definition of"miscellaneous lesions" 

. I. Neoplasms: 

• A. - Adrenal 

1. Adrenal cortical adenomas - 

2. Adrenal cortical carcinomas 

3. Pheochromocytomas 

' 4. Accessory adrenal gland 




'< r , * . 



B. - Ovary-uterus 

1. Cystic adenomatoid hyperplasia • • ‘ ■ - •••>;• • 

2. Hemangioendothelioma & hemangioma,uterus & oviduct - 

3. Fibrosarcoma, uterus ■ 

4. Leiomyosarcoma, uterus • ’ • • . • 

5. Adenocarc., ovary or uterus ..... ... . . L. 

6. Theca granulosa cell tumor, ovary or uterus - 

7- Fibroma, cervix '* ‘ :w> 

C. - Testis • ’ 

1. Interstitial cell tumor 



D. - Digestive system 

1. Salivary glands 
a. myoepithelioma 

2. Liver 

a. hemangioendothelioma 


v . E. - Skin, subcutaneous and mucous 
- 1. Carcinomas 
a, vagina 

• ’ b. mammary glands 

c. ear canal 

• ' / 2. Hemangioendothlelioma of subcutis 

' v • ’ . F. - Reticuloendothelial system' 

' ' '-1. Spleen - P 

'■ • ■ a. hemangioendotheliomas 

. 0 „>. • "1 */'•,. ’ ' .. : 1 .1 , ; 

II. A. Abcesses V 

•• B. Generalized infections . - 

•• C. Granulomas .. • ... ; 

• ’ ,v D. Cardiac valvular stenosis 





III. Degenerative . ' \ 

' • A. Liver necrosis S-” 

- B. Nodular hyperplasia of liver 


1 •: 


„ *• 


IV. Physiological alterations •’ .* > • 

' A. Hyperplasia ' ^ ‘ * 

a. erythroid of spleen and lymph nodes 
■ B. Siderosis. ... ... '. 


V : •: 

'r 

' .’.’■’'i .' 5 .' 

O ' 
co v 
C/7 

Co .•: 

Ci 
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* if*<r;fFr equency -‘of Severe (3+ and 4+) Emphysema and Other Pathologic Lesions, By Age 




Group, in Families with High or Low Incidence of Pulmonary Emphysema 



Characteristic Inci¬ 
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iFreq? 


AGE (Months' 


<10 10-12 13-15 16-18 19-21 22-24 I 25-27 


Freq.J % | Freq|$ |Freq.|^ [Freq.|$ 


Mice with, 
Severe (3+ & 4-t) 
Emphysema 


Mice with 
, Pulmonary' 
.'Lesions 


Mice with 
Non-Pulmonary 
Lesions 



High 8, 

Low^ 

3/12 

0/3 

25 

1/4 

1/3 

High 

3/12 

25 

3/4 

Low 

1/3 

33 

1/3 

High 

5/12 

42 

2/4 

Low 

1/3 

33 

1/3 

High 

2/12 

17 

1 A 

Low . 

0/3 

- 

1/3 




41 26/94 28 29/78 37 

25 8/28 29 7/27 26 




1/9 11 7/32 22 18/94 19 24/78 3114/36 39 1/5 20 
0/3 - 1/12 8 2/28 7 3/27 11 3/10 30 0/1 - 


69 

3/5 

60 

1/1 

53 

1/5 

30 

0/1 

44 

1/5 

90 

0/1 

39 

1/5 

30 

0/1 


observec 


at each age group 


fe'L/v- .-. _ a - Total of High Incidence Families G, L and 2 
b - • Family 1 (Low Incidence) 

W^l^-C ■ ■ ' • A# with lesion ^ „ + „„„„„ 

- (. Total - oFservedj at each *&* « rou P 

: • . - - .. 
v-vr: -••••- • • : • . 
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TABLE I. 

Comparison of Pathologic Findings by Family, at Various Ages 


FAMILY G 


Pathology 

AGE (Months) • | 

< 10 

10-12 

13-15 

16-18 

19-21 

22-24 

25-27 

28 &> 

Total 

Mice 



JJ 

% 

#_ 

% 

# 

% 

# 

* 


% 

# 

% 

# 

% 

3+ or 4+ 
Emphysema 

1 

2 

0 


1 

2 

2 

3 

19 

33 

22 

38 

11 

19 

2 

3 

58 

Pulmonary 

Lesions 

2 

5 

1 

2 

0 


5 

12 

11 

27 

12 

29 

9 

22 

1 

2 

4l 

Non-Pulmonary 
Lesions 

1 

2 

1 

2 

0 

_ 

2 

4 

23 

41 

23 

41 

6 

11 

0 

_ 

56 

FAMILY L 

3 + or 4+ 
Emnhvsema 

2 

4 

0 

•a 

1 

2 

4 

9 

18 

39 

15 

33 

5 

11 

1 

2 

46 

Pulmonary 

Lesions 

i 

4 

1 

4 

0 

— 

4 

17 

8 

33 

; 5 

21 

5 

21 

0 

— 

24 

Non-Pulmonary 
Lesions 

4 

9 

0 

— 

0 

— 

4 

9 

16 

36 

15 

33 

5 

11 

1 

2 

45 

FAMILY 2 

3+ or 4+ 
Emphysema 

0 


1 

2 

4 

9 

5 

ll 

11 

23 

17 

26 

9 

11 

0 

1 

47 

Pulmonary 

Lesions 

0 

— 

1 

3 

2 

6 

4 

13 

7 

23 

12 

39 

5 

16 

0 

- 

31 

Non-Pulmonary 
Lesions 

0 

— 

1 

_3 

_3 

9 

7 

21 

10 

29 

8 

24 

5 

15 

0 

- 

34 

FAMILY 1 ••• :• 

3+ or 4+ 
Emphysema 

l 


1 

_1 

1 


2 

6 

9 

28 

11 

34 

, 6 

19 

1 

3 

32 

Pulmonary 

Lesions 

l 

4 

1 

4 

0 


3 

13 

8 

35 

7 

30 

3 

13 

0 


23 

Non-Pulmonary 

Lesions 

l 

2 

1 

2 

0 

- 

4 

JL 

15 

33 

|15 

33 

9 

20 

0 

- 

45 

' " ' ' • TOTAL OF 4 FAMILIES 

3+ or 4+ 
Emphysema 

4 

2 

2 

1 

7 

4 

13 

7 

57 

31 

65 

36 

31 

17 

4 

2 

183 

; Pulmonary 
Lesions 

4 

3 

4 

3 

2 

2 

16 

13 

34 

29 

36 

30 

22 

18 

1 

1 

119 

Non-Pulmonary 
Lesions 

_6_ 

3 


2 

_3 

2 

17 

9 

64 

,36 

6l 

34 

25 

14 

1 

1 

180 


* 9C* V\ 


a Number of mice observed in each age group 


’ :> ■ 


b - Percent 


total- mice in each category 
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Source: https://www.industrydocuments.ucsf.edu/docs/llylOOOO 





- TABLE J. Concurrent Findings of Emphysema with Other 
Pathology of the Pulmonary System. 


- - * 

Family G 

Family L 

Family 2 

Family 1 

Severity 

Total 

Severity 

Total 

Severity 

Total 

{ Severity 

Total' 

to 

2+ 

3+ & 
4+ 

Neg. 

to 

2+ 

3+ & 

, 4+ 

. Neg. 

to 

2+ 

3+ & 
4+ 

Neg. 

to 

2+ 

3+ & 
4+ 

‘Alveolar 
Adenoma 

9 

8 

17 

2 

6 

HBSjV 

■ 

i 

7 

8 

6 

4 

10 

Alveolar 

Adenocarcin. 

B 

7 

m 

1 1 

!_ 

B 

B 

i 

10 

11 

0 

3 

3 

Pneumonia 

B 

5 

m 

B 

B 

B 

0 

8 

8 

2. 

2 

4 

R.E. Neo.; 
Lung 

0 

7 

7 

IB 

3 

4 

1 

3 

4 

1 

2 

3 

All lung 
Lesions " 

14 

27 

4i 

8 

16 

mm 

1 

1 3 

28 

31 

9 

11 

20 

All 

• Tumors 

10 

22 

32 

4 

12 

16 

3 

20 

23 

7 

’ 9 

l6 

Animals with 
Multiple 
Lesions 


■ 

__ 

B 


B 


1 


c'jr 




i • £ » * 

: it 









Source: https://www.industrydocuments.ucsf.edu/docs/llylOOOO 
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Text - Figure 1 

Photomicrographs illustrating typical pathologic 

l 

findings associated with each classification of ; 

pulmonary emphysema. 

A - Negative - essentially normal - note intact 
alveolar walls. A slight degree 
of atelectasis is present. - 7 ' 

B - 1+ minimal overdistention of alveolar walls - 
. .-is present. " : ‘y . . 

* * 4 ,£ 

C - 2+ - slight overdistention of alveolar walls 

is present. , . 

D - 3+ - mild to moderate overdistention of 

alveolar walls is seen. Also noted 
are focal areas of atelectasis. 

E - 4+ .- areas of severe overdistention of alveolar 
* - - 1 • walls is present. Some atelectasis is 

noted. . • 

* ’ ; '5 ^ • , r - 1 

• ' ; F - 4+ - (Bullous emphysema) prominent areas of 

overdistention are seen beneath the 

; ’ .• • • !•. pleura. ■ • • ...... 




■y ‘ .. r 

• , * ’ > ’ 








\ „ »*.'*%• A,** 

■ < - * r«V # . j 

if-b*,-. } * 







V• 




Source: https://www.industrydocuments.ucsf.edu/docs/llylOOOO 
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: • Text -' Figure 2 


,v,\ i>‘/1* .* *% * 


Comparative incidence and severity of emphysema, ’• 7' 

High (Families G, L and 2) and Low (Family 1) ■ 'if.C *.* • 
Incidence Families. ' :A-TiV •, ; •. T. ' 

. V ~ : n 

The bars for High Incidence Families indicates'" 

, , * " ' *' 

the range of observations between the 3 Families. 

Each point is the emphysema ■ jM 


Each point is the £!°i W3 -tn emphysema " rmf'^.vV X%P*$Sm? 

(Total population ""observe(|/ * 

total number of mice in the High incidence families is 

'* •/•-. * -• ; ..... »f«^SBWR 

258; Family 1 is 84. \ V j -• v''lOr.,.-; 

.>• ' • - ' •; * ’ 

: . -n*‘ x . v. 
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Text - Figure 3 .* * ' 

Mean- age of mice with each degree of emphysema 
in High (Families G, L and 2 ) and Low (Family 1 ) 
Incidence Families. 
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Comparative Incidence and Severity of Emphysema 
between male and female mice. 


*'■ 4 't- . • ' ' The bars show the percent of total male or 
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; r, : Text - Figure 5 / ■7 „ 

«. v ' Comparative Incidence and Severity of Emphysema 
- 7 ■ in mice between formalin-fixed inflated or 

uninflated lung sections. 



■- The bars show the percent of total inflated 
or uninflated mouse lung specimens examined with 
' -;u. v each severity of emphysema. The numbers at the 

' *•* *" u: tvA * - . , . . 

• base of each bar are the numbers of specimens''' . 

' j . * . «-•-*■* •?>■** * ' •**'*-* ' ^ .* •J* * " "V 1 ’ ' . T *'W • ' * , ' t .. ' • 

comprising the group. There was a total of 92,' 

' • ’ inflated specimens; 268 uninflated. 
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Text - Figure 6 ; 

.. - Comparative Incidence of Severe ( 3 + or 4+) Pulmonary 

Emphysema, by age group, between High (Families G, L, 
and 2) and Low (Family l) Incidence Families. - 




The number at each point is the foo. with severe emphysema 
•. - . ^ VTotal observed . . 

for each age group. Each age group spans a time of 3 - ,Y 

months. ’ The bars for High Incidence Families indicates' ‘ Ui&p' 

the range of observations between the 3 families. •, ■ 'Y-CV-'■ 
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TOTAL ANIMALS EXAMINED PER GROUP DEMONSTRATING 3 TO 4+ LESIONS 
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Text - Figure 7 

Comparative frequency of pulmonary lesions, by 
age group, in High (Families G, L and 2) and Low 
(Family 1) Incidence Families. 
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’.i Text - Figure 8 , ■ ' • 

;. Comparative frequency of non-pulmonary lesions, 
by age group, in High (Families G, L and 2) and 
Low (Family 1) Incidence Families. 
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Text - Figure 9 ' 

Comparative frequency of occurrence of different 
type pulmonary lesions, by age group, in the High ' 
(Families G, L and 2) and Low (Family 1) Pulmonary 
Emphysema Incidence Families. .■ • • ‘ / . 
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The ^ frequency represents the e r with lesion^ 
* , . ’ , .v, (total observed ') 

for each family. :' The number at the base of each bar 
indicates number of mice comprising the group. The 
average of the High Incidence Families (G, L and 2 ) 
is shown as a separate bar. Multiple lesions were 
round in some or the mice. 
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Text - Figure 11 

Comparative alpha^' trypsin inhibition between male 
and female mice of the different families. 
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Text - Figure 12 

Excerpt from the Pedigree chart of Family L, 
illustrating the segregation of a tendency toward 
severe emphysema within a family. 


Underneath each mating, the individual mice 
comprising the progeny are shown by pedigree number 
and sex. Mice later diagnosed as having 3+ or 4+ ■ 

emphysema are underlined. Note that in Generation. 

7, <f No. 5710 was bred to 2 of his sisters (9 No. 5711 
and 9 No. 5713). • v '‘ 

This figure illustrates the fact that since a 
diagnosis of severity of emphysema is established 
only after the mouse has died, usually well past 
breeding age, selection of breeder matings must be 
• based on retrospective data of their ancestors, 3 to 
5 generations past. The figure illustrates that even 

1 V ' • « „ - “'V- ,* , ‘ • , 

. this information is of great value in attempting to 

■ accentuate the trend toward a high or low incidence 

of pulmonary emphysema. Physiological or biochemcial 

■ .-v . 'A . - - - • r* • <. 

measurements which prove to be predictive of probable 
future emphysema during the active breeding age of 
'" the mice would‘be “of immense 'value"in~sudh" genetic''"— 




studies’. 
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